NEI~/ FPo92
Y ald et s d

DLANET =~ A DIGITAL COMPUTER PROGRAM

iz

FOR THE ANALYSIS OF DISTRIBULED~-

LUMPED~ACTIVE NETWORKS

Prepared under Grant NGL-03-002-126 Zfor the
Instrumentation Division of the Ames Research Center
National Aeronautics and Space Administration

ESTapLisAY
1885

ENGINEERING EXPERIMENT STATION
"~ COLLEGE OF ENGINEERING
THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA




‘f* A DIGITAL COMPUTER PROGRAM FOR TBE AEALYSIS O“
. DISTRIBUTED~LUMPED-ACTIVE NETWORKS

Prepared under Grant NGL-03-002-136 for the
Instrumentation Division of the Ames Research Center
National Aeronautics and Space Administration

by

L. P. Huelsman

Department of Electrical Engineering
University of Arizona
Tucson, Arizona

Abstract:. This report describes DLANET, a digital computer program for
the analysis of Distributed-Lumped-Active NETworks, i.e., metworks com-
prised of elements which are distributed, lumped, or active in nature.
The program determines the sinusoidal-steady-state response of such a
network over a prescribed frequency range. A subprogram is included

to provide plots of the resulting magnitude and phase characteristics.

A range of options are available to specify the taper of the distributed

elements, select linear or logarithmic scales, produce punched card out-
put, etc.
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I. INTRODUCTION

This is one of a series of reports concerning the use of digital
computational techniques in the analysis and synthesis of DLA (distri-
buted~lumped~active) networks. This class of networks consists of three
distinct types of elements, namely, distributed elements (modeled by
partial differential equations), lumped elements (modeled by algebraic
relations and ordinary differential equations), and active elements
(modeled by algebraic relations). Such a characterization is especially
applicable to the broad class of circuits referred to as linear inte-
grated circuits, since the fabrication techniques for such circuits
readily produce elements which may be referred to as "distributed", as
well as producing elements which may be characterized as "lumped" or
"active™. The DLA class of networks is capable of realizing network &
functions with a wide range of properties. 1In addition, such realiza=
tions usually have fewer components and superior characteristics to
realizations using only lumped elements or realizations using lumped and
active elements. The analysis problem for the DLA class of networks,
however, is considerably more complex than that for more restricted classes
of networks. One of the more fruitful approaches to the analysis problem
is that afforded by the digital computer. In this report, the results of
such an approach are documented. Specifically, the report will describe
the operation and use of the digital computer program DLANET, a program
designed to make sinusoidal-steady-state analyses of DLA networks. The
distributed elements will be restricted to being resistive and capacitive
in behavior, since such elements most closely model those realized by inte-
grated circuit techniques. The program is quite general and is easily
extended to other network situations.

I1. THEORY OF OPERATION

One of the major problems encountered in analyzing DLA networks is
the problem of adequately modeling the distributed elements. An attractive
approach to the modeling of such elements is the use of iterative techniques.
Such an approach has the advantage that it is readily adaptable both to the
uniform distributed element and to the tapered distributed element. Further-
more, the modeling is independent of the mathematical form of the taper,
i.e., the taper need not be simply described. Since solutions to relatively
simple tapers can be quite involved mathematically (for example, Bessel
functions are required in the solution for linearly tapered distributed
elements), this advantage can be of considerable importance.

The model which was chosen for the distributed elements for the program
described in this report is a cascade of lumped RC "“L' sections. A typical
section 1s shown in Fig. 1. Assuming that this is the "kth" section, it
may be considered as a two-port network, and voltage and current variables
defined as indicated. Under conditions of sinusoidal steady-state excita-
tion, the equations describing such a section may be writtean in the form

X = X &)

where
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and £ is the frequency in Hz. The square matrix TD, gives the transmission
parameters of the kth section of the model for the distributed line. The
transmission parameters of the overall distributed element may thus be repre-~
sented as the product of the transmission parameters of the cascaded sections.
If there are n such sections and if we let TD be the matrix of transmission
parameters with elements tdij for the overall distributed element; we may
write

TD = [tdi;] = TD, x TD, ... TD_ (3)

Thus we have obtained a set of two-port parameters which model a distributed
RC network.

Since the distributed element, in general, will be combined with lumped
and active elements to form a DLA network, a more appropriate set of para-
meters to describe it is the admittance or y parameters. If we let YD be
the 2 x 2 matrix containing the y parameters of the distributed network, we
may express YD in terms of the elements td of the TD matrix of (3) as

ij
td -1
1 22
D = yd,.] = . %)
[ it o tdy,

Finally, to facilitate an even greater generality of interconmection, it
“is most useful to generate the indefinite admittance parameters of the dis-
tributed element. If we let YDI be the 3 x 3 matrix with elements yd,,
containing the indefinite admittance parameters of the distributed elé&ent,
we may express it in terms of the elements ydij of (4) as

YDI = [&dlij]

ydyy 912 ydyy - vdy,
ydyy ydyo ydyy - ¥y, (5)
-ydyy C ¥dy, =ydyg - ¥dyy yd)y *+ ydy, + ydyy +ydy,

Thus, if we select d quantities R, and d quantities Ci and a specific
frequency £, we can calculate the indefinite admittancg matrix for a dis-
tributed element under conditions of sinusoidal steady-state excitation at
that frequency. The effect of choosing various values of d, i.e., using a
model with different numbers of lumped sections has been discussed in a pre-
vious report.l ‘

The next step in the analysis of the DLA network is to interconnect the
distributed element (or elements) with the specified lumped and active ele~-
ments, and to solve the resulting network for the desired transfer functionm.
The interconnection of the distributed and lumped elements is readily accom-



plished by adding their admittance parameters. The resulting parameters

- can then be constrained to include the effect of the active elements.
Finally, the equations represented by the constrained parameters may be
solved by conventional techniques. These steps are now discussed in detail.

We shall begin our discussion by considering the use of an interconnec-

tion network consisting of n + 1 nodes. TFor convenience we shall take node 1
as the input node, node 2 as the output node, and node n + 1 as the reference
(ground) node. Thus, we will consider the interconnection network shown in
Fig. 2 as the basic framework into which the various distributed, lumped,

and active elements are to be imbedded. The (definite) admittance matrix
describing an interconnection network of the type shown in Fig. 2 is simply
an n x n null matrix. Thus, the effect of connecting a distributed network
with admittance parameters as determined by the 3 x 3 matrix YDI to a set

of any three terminals of the interconnection network is simply to add the
elements of YD1 to the appropriate elements of. the n x n null matrix repre-~
senting the interconnection network, Similarly, the effect of any lumped
elements may be represented by adding the conductance (for resistors) or

the susceptibility (for capacitors) to the appropriate elements of the
admittance matrix. The resulting matrix, giving the combined effect of the
distributed and lumped elements will be referred to as YT (for Y Total).

The next step in our analysis of the DLA network is to modify the para-
meters of the network of distributed and lumped elements to take account of
the active elements. For simplicity, we shall consider the effect of con-
necting a VCVS (voltage-controlled veoltage source) of gain 1/A from node n
to node 2 of the interconnection network as shown in Fig. 3. The effect of
such a source is to reduce the n x n array of the matrix YT to a (n - 1) x
(n - 1) array, by reason of the constraint equation V, = (1/A)V_ imposed on
the network variables. Let YC by the (n - 1) x (n ~ %) constrained array
with elements ye - It is easily shown that2 '

YC = [ycij]

-
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The matrix YC interrelates certain of the voltage and current variables of
the interconnection network. Thus, we may write

L Y

I; vy

I4 = {yci;] V3 (N
1 v,




where the quantities I, represent external excitation currents applied at
the nodes of the interconnection network, and the quantities V., are the
nodal voltages. This procedure is easily generalized to incluée an arbi~-
trary number of sources connected to any desired nodes, thus, the final
size of the matrix YC will be n - ng, where ng is the number of VCVSs which
are present in the network.

The final step in the analysis of the DLA network is the reduction of
the (n - ng) x (n - ng) array YC to a 2 x 2 array from which the voltage
transfer function of the network may be computed. To do this, we may note
that since node 1 has been selected as the input node, only the current
I, in the column vector on. the left of (7) will be non-zero. Therefore,
by simple matrix algebraic relations,3 if we write YC in the form

(n-ng~1) cols

ye | Eaé Yy (n-ng-1) rows 5
- = |
(n-ng) x (n-ang) Yba ' Ybb
Then, we may write
YC -1
(n-ng-1) x (n-ng-1) Yaa Yabebea' %

Equation (9) is easily programmed for the digital computer and avoids the
need for a matrix inversion operation. Successive applications of (9) may
be used to reduce the equations of (7) to those defining a two-port. These
will be in the form

= Y (10)

where Y is the 2 x 2 matrix with elements y,, defining the two-port network.
From the y,. two-port parameters of (10), aﬁ} desired network transfer
function m&} be specified, for example, for the open-circuit voltage trans-
fer function we obtain

v -y
.X;_Z. - —21 (11)
1 Y22

The algorithms for generating the parameters of the distributed element
and for interconnecting the distributed, lumped, and active elements are
readily programmed for the digital computer to produce a tabulation (or a
plot) of the magnitude and phase of the voltage transfer function of the
specified DLA network as a function of frequency. 1In the following section
of this report, the operation of the program DLANET containing these algo-
rithms is described.

I11. THE DLANET PROGRAM ~ GENERAL CHARACTERISTICS

The DLANET program is a digital computer program written in FORTRAN 1V
and designed to provide a wide variety of options and features in the sinu-
soidal steady-state analysis of DLA networks, and in the display of the
resulting data. 1t has been developed for a CDC-6400 computer but it is
relatively machine independent. 1t is suitable for use on a wide range of




medium to large size computers. The program consists of a main program
and a series of subprograms. A list of the name and function of each of
the subprograms follows:

DISRP - a subroutine designed to read the data defining the distri-
buted networks and to compute the values of the resistors and capacitors
used to determine the lumped models for them. Options are provided to
permit the specification of uniform, exponential, polynomial, or arbitrary
taper.

XL4 -~ a function designed to provide a sequence of logarithmically
spaced numbers. Thus it can be used to generate the values of frequency
needed for plots in which the frequency scale is logarithmic rather than
linear.

YDIST -~ a subroutine designed to compute the admittance parameters
of the distributed networks, using the values of lumped resistors and capa-
citors determined by DISRP, and whatever value of frequency is desired.
The subroutine also stores the parameters in the appropriate elements of
the admittance matrix for the entire DLA network.

CONST - a subroutine designed to constrain the admittance matrix for
the DLA network in such a way as to include the effects of the VCVS active
elements in a manner similar to that shown in (6).

CMRED - a subroutine designed to reduce the order of the admittance
matrix for the DLA network to 2 x 2 size, using the algorithm given in (9),
thus, in effect providing a solution to the network equations.

PLOT - a subroutine designed to plot the magnitude and phase values
which have been determined for each of the frequencies at which the pro-
gram has been run.

The main program links the subprograms described above together in
such a way as to provide the desired steady-state analysis capability for
DLA networks. A flow chart of the main program is given in Fig. 4. This
‘indicates the way in which the various subroutines are incorporated into
the logic used in the program. It is readily verified that this flow chart
follows the general theory outlined in Sec. II of this report.

The capabilities of the program DLANET are detemined mainly by the
dimensioning of the various variables. For the dimensioning given in the
program listing included with this report, DLANET has the following maximum
limits:

Number of network nodes (not including the reference node) - 14

Number of distributed networks - 5

Number of sections permitted for each distributed network ~ 50

Number of lumped elements - no limit

Number of gain elements of VCVS type -~ 5

Several options and features are provided to make the program as flexible
as possible for the user. These are:

1. A descriptive title is printed at the head of all output data
listings and plots.

2. The frequencies at which the DLA network is to be analyzed are
determined by specifying the lower and upper frequencies, the number of
intermediate frequencies at which computation is desired, whether the fre-
quency scale is to be linear or logarithmic, and whether the frequencies
are specified in Hz or rad/sec.

3. The user may choose to suppress all plotting, to plot only the
magnitude of the voltage transfer function, or to plot both the magnitude
and the phase. To keep the size of the program reasonable, the plotting



subroutine has been simplified so that no internal scaling of data is pro-
vided. Thus, the user must select the necessary scale factor to be used in
multiplying the magnitude and phase data as well as the maximum value of
the ordinate desired on each of the plots.

4, The magnitude of the voltage transfer function is computed and
expressed both as an actual magnitude and also in decibels. Either of these
values may be used for the plot.

5. Uniform distributed networks may be computed by specifying the
total resistance and capacitance, and the desired number of sections.

6. Exponential taper distributed networks may be computed by specifying
the number of sections, and the initial values of the resistance and the
capacitance and the taper. As an alternative, the taper may be computed by
specifying the initial and final values of the capacitance or the resistance.

/. Polynomial taper distributed networks may be modeled by specifying
the number of sections, the initial values of the resistance and the capa-
citance, the length of the lines, and the coefficients of the polynomial
determining the taper. Up to 10 polynomial coefficients may be used, and
these may be different for each of the distributed networks.

8. Arbitrarily tapered distributed networks may be modeled by reading
in the actual values of the resistors and the capacitors for each section
of the network.

9. An output listing is provided for each computation giving the
values of frequency (in Hz and rad/sec), the magnitude of the voltage transfer
function (in linear measure and in decibels) and the phase in degrees (if
phase determinations are desired). As a convenience, punched card output
of this data may also be requested.

10. Since the modeling of the distributed network parameters may be
time consuming if many lumped network sections are used to model the dis-
tributed element, a provision is included which makes it possible to make
only one computation of the distributed network parameters at a given fre-
‘quency, and to use this data for all other distributed networks (assuming
that they are identical).

11. The program includes a multiple-case option, in which, after the
voltage transfer function has been computed for a range of frequencies,
values of the parameters may be changed, and the computation repeated for
the new parameter values. If desired, the user may choose to read in only
selected parameter values rather than repeating all reading and computing
operations. The data from these multiple cases may be plotted on the same
plot, using the character A to represent the locus for the first set of
data, the character B to represent the locus for the second, etc. Up to
five simultaneous plots may be displayed.

Details of these and other features and options of the program are
described more fully in the following sections of this report.

1V. THE DLANET PROGRAM - DETAILS OF OPERATION

In this section of the report, the details of the operation of the
v arious portions of the DLANET digital computer program for the sinusocidal
steady-state analysis of DLA networks is presented. In studying this
material, reference should be made to the flow charts and listings pre-
sented in the Appendix of this report.

The main program, and the subroutines DISRP, YDIST, CONST, and CMRED
described in the preceding section are linked through the use of commoned
variables. A listing and description of these variables and their dimen-



sioning follows:
YR(15,15) -~ This is a complex array in which are stored the values
g of the admittance parameters which have been computed
at some specific value of frequency for the DLA network.
These values are read in ohms, and are converted to mhos
before storage in the array.

R{15,15) - A real array in which is stored the admittance parameters
of the resistive lumped elements which are used in the
DLA network. These values are read in ohms, and are con-
verted to mhos before storage in the array.

C(15,15) - A real array in which is stored the values of the admit-
tance parameters of the capacitive elements (without
being multiplied by frequency) of the DLA network. The
units are farads.

RD(5,50) -~ A real array in which are stored the values of the series
resistors used in the lumped approximation to the dis-
tributed RC networks. These are stored as RD(I,J) where
1 is the number of the distributed network and J is the
number of the lumped section.

CD(5,50) ~ A real array in which are stored the values of the shunt
capacitors used in the lumped approximation for the distr-
buted networks. These are stored as CD(I,J) where I is
the number of the distributed network and J is the number
of the lumped section.

‘NSECT(5) - The number of sections to be used to approximate distri-
buted networks 1 - 5.

N1(3) - The numbers of the nodes to which the x = 0 end of the
resistive layers of distributed networks 1 - 5 are connected.

N2(5) - The numbers of the nodes to which the x # 0 end of the
resistive layers of distributed networks 1 - 5 are connected.

N3(5) - The numbers of the nodes to which the capacitive layers of
distributed networks 1 - 5 are connected.

NN - The number of nodes in the DLA network (not including the
ground node).

ND - The number of distributed networks in the DLA network.

RAD - The value of the frequency variable in rad/sec.

KD - An indicator giving the number of the distributed network
whose admittance parameters are currently being computed
by YDIST.

NREP - A variable used to specify the repetition of all or certain
portions of the main DLANET program soc as to provide a
multiple case capability.

NGAIN - The number of VCVS gain elements.
NG1(5) - The numbers of the nodes to which the positive polarity
end of the source portion of VCVSs 1-- 5 are connected.
NG3(5) - The numbers of the node voltages which control VCVSs 1-5.
JL(5) - The number of the nodes which it is desired to eliminate
in applying the constraints imposed by VCVSs 1 ~ 5.
GA(5) - The value of the gains of VCVSs 1 - 5.
These variables will be referred to in the description of the operation of
the various subprograms of the DLANET program which follows:

SUBROUTINE DISRP
This subroutine reads and prints the data for the distributed networks.
All input and output variables are in commmon. It goes through ND cycles.



On the Ith cycle it will read the values of NOPT, an indicator which deter-
mines the type of taper and must have a value from 1 =~ 4, NSECT(I), Nl(I),
N2(1), and N3(I). The values of RD(I1,J) and CD{I,J) are computed for values
of J from 1 to NSECT(I). If NOPT = 1 (a'uniform network), values of RT
(the total resistance) and CT (the total capacitance) are read, divided by
the number of sections, and stored in RD and CD. If NOPT = 2 (an exponen-
tial network), the user may specify RA (the initial resistance), CA (the
initial capacitance), and ALFA (the taper coefficient), after which the
lumped values of resistance and capacitance are computed to match the rela-

tions )
r(x) = raeux/d ox/d

| c(x) = c.e (12)
where d4 is the total length of the line, and stored in RD and CD. If ALFA
is read in as zero, then it will be computed from the values of RA and RB
(the final resistance). 1f RB is read in as gzero, ALFA will be computed
using CA and CB (the final capacitance). 1If NOPT = 3 (a polynomial taper),
NP (the number of polynomial coefficients), RI (the initial resistance),

CI (the initial capacitance) and XT (the total length of the line) are

read in, as are the NP coefficients P(I). The lumped resistors and capa-

citors are then computed to match the relations

2 2
r(x) = r, (1 + PyX = PyX + .e.e) €(x) = ci/(l + Py X + p,X + ..00) (13

amd stored in RD and CD. 1f NOPT = 4 (arbitrary taper), the values of
RD and CD are read in directly.

FUNCTION XL4 (N, LO, LP)

This function uses a counter N to keep track of the number of logarith-
mically spaced frequency values which have been generated, This counter
is advanced by 1 after each call of the function. It is set to 1 (variable
NLG) in the main program before the first call of the function. The func-
" tion generates LP logarithmically spaced numbers per decade starting with
a value (corresponding to N = 0) equal to the antilogarithm of LO. The
calling arguments used in the main program for LP and LO are NG and LOGl.

SUBROUTINE YDIST

This subroutine computes the admittance parameters for the distributed
networks and stores them in the YR array. All input and output variables
are in common. The values stored in RD and CD, and the current value of
RAD is used to compute the transmission parameters of each section of the
distributed network model. The complex 2 x 2 arrays AR, BR, and CR are
used to store the transmission parameters during matrix multiplication.
The final values of the transmission parameters are converted to the com-
plex y parameters DR, ER, and GR, and these are entered as appropriate
elements of the YR array according to the values specified for N1, N2,
and N3. 1If NSECT(I) = O, then the previously computed values of DR, ER,
and GR are used, thus, the recomputation of the admittance parameters for
identical distributed networks is eliminated by specifying NSECTI(I) = O’
for any distributed network except the first (I = 1).

SUBROUTINE CONST

This subroutine constrains the YR array to take account of the effect
of the VCVSs. All input and output variables are in common. It uses two
arvays of indicators NRE(I) and NCE(1) which are initialized to zero, then
set to unity for each row and column that is to be eliminated from the YR
array. . The rows that are eliminated are those corresponding with the nodes




at which VCVSs are connected. The columns that are eliminated are those
associated with either the controlling node voltage or the node at which
the source is located. Before eliminating the specified columns, the
constraining operations are made, i.e., the column to be eliminated is
added to the column which is not eliminated after first being multiplied
or divided by the gain of the source. 1t should be noted that the data
must not specify that a given column be eliminated more than once. 1In
addition; the order in which the data for the sources is read into the
program must be such that no operations are made on a column after it has
been eliminated. For example, consider the cascade of sources shown in
Fig. 5a. It if is desired to eliminate nodes a and b, then the data for
source A must be enetered before the data for source B. On the contrary,
if it is desired to eliminate nodes b and c, then the data for source B
must be entered before that for source A.. 1f nodes a and ¢ are Lo be
eliminated, the order in which the data is entered is arbitrary. Similar
conclusions hold for a parallel connection of sources as shown in Fig. 5b.
If nodes a and ¢ are to be eliminated, then the data for source A must be
entered before that for source B. 1If nodes a and b are to be eliminated,
then the data for source B must be entered before that for source A.
Finally, if nodes b and c are to be eliminated, the order in which the
data is entered is arbitrary.

SUBROUTINE CMRED
This subroutine reduces the YR array to a 2 x 2 array using the algo-
rithm described in (9). All input and output variables are in common.

SUBROUTINE PLOT (Y, M, AS, NS)

This subroutine provides a plot of the data stored in the two dimen-
sional Y array. The variable Y(I,J) is used to store the Jth value of
the Ith variable that it is desired to plot. The dimensions on the Y
~array are (5,100), thus, up to 100 values of each of five variables can
be plotted. The argument M specifies the number of variables that are to
be plotted. This argument must have a value from 1 to 5. The argument
NF specifies the number of values of each variable that are to be plotted.
This argument is normally set to some multiple of 10 between 10 and 100.
If it is desired to contain the plot on a single page, NF should be set
to 50. The argument NS determines the maximum value of the ordinate scale
that is desired. The minimum value of the scale is automatically set to
100 units lower, thus, the data which is to be plotted must be scaled so
as to fit within this range. The arguments listed above are automatically
determined by the input data to the main program. In the main program the
Y array is used to store the magnitude data and the Z array is used to
store the phase data. Thus, if both magnitude and phase plots are desired,
the subroutine PLOT is called twice, once to plot the.data stored in the
Y array, and a second time to plot the data stored in the Z array. A
detailed descrigtion of the operation of this subroutine may be found in
the literature.

MAIN PROGRAM

The operation of the main program follows quite closely the general
outline given in Fig. 4. The multiple-case feature provided in DLANET,
however, may be better understood by examining the extended flow chart
shown in Fig. 6. This chart shows the use of the variable NREP in deter-
mining whether or not multiple cases are to be computed. 1f a blank card
(MREP = 0) is used, then the entire program is repeated, and a complete
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new set of data must be supplied. The same is true if NREP is read in
as 4. 1f it is desired only to modify the values of the gains of the
VCVSs, then NREP is read in as 1. 1In this case, after reading in the
new values of the gains, the original frequency data is used to repeat
the cdomputations. If it is desired only to modify the distributed network
characteristics, then NREP is read in as 2. 1In this case after reading
in new data for the distributed networks, the original frequency data is
used to repeat the computations. If it is desired only to modify the
values of the lumped elements, then NREP is read in as 3. 1In this case,
the values read in are superposed on the previous values, thus, to "remove"
an element, the negative of the value originally read in must be specified,
or, to change the value of an element, only the change should be read in.
After all such changes are made, the original frequency data is used to
repeat the computations. Finally, if no data dard is provided for NREP,
an EOF (end-of-file) is used as an indicator to procede to the plotting
portion of the program.

Detailed flow charts and listings of the main program and the sub-
routines described above may be found in the appendix of this report.

V. EXAMPLE

As an example of the type of computations performed by this program,
consider the network shown in Fig. 7. This network was originally dis-
cussed by Rerwin.> To make a logarithmic frequency plot from 0.1 to 10
rad/sec of this network using a 5 section model for the distributed net-
work, and to repeat the computation for a 10 section model, the data cards
shown in Fig. 8 are required. The resulting computer output is shown in
the following sheets, Figs. 9-13.
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Input Data Format for DLANET Brogram

Card

No Variable Columns Format Purpose
1 LTR 1-80 8A10 Alphanumeric identification for
problem
2 NN 1-3 13 Number of nodes (not counting
- reference node) :
ND 4~6 13 Number of distributed elements
NF 7-9 13 Number of frequencies at which

response is to be calculated

NSY 10-12 I3 Maximum ordinate scale value for
plot of magnitude response
(minimum is 100 units lower)

NSP 13-15 13 Maximum ordinate scale for plot
of phase .response (minimum is
100 units lower)

KRAD " 16 11 Indicator for units 6f-frequency
(1 is rad/sec, 0 is Hz)

LMAG 17 11 Indicator for magnitude units
(0O is db, 1 is linear)

LPHS 18 11 Indicator for phase computation
(0 is no, 1 is yes)

KPLT 18 I1 Indicator for whether plot is
desired (0 is yes, 1 is no)

LFRQ 20 I1 Indicator for type of frequency -
gscale (0 is linear, 1 is logarithmic)

OLDG 21-30 E10.0  Gain of first voltage-controlled
voltage source (used only if NGAIN
{cols. £72+74) is set to zero)

FA 31-40 E10.0  Lowest frequency desired

FB 41-50 E10.0 Highest frequency désired
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SCALE 51-60 E10.0 Scale factor for magnitude plot
SCALP 61-70 E10.0 Scale factor for phase plot
KPUN 71 11 Indicator for punched e@utput

(0 is no, 1 is yes)

NGAIN 72-74 13 Number of voltage-controlled
voltage sources

Note: There will be NGAIN of the following cards required. An alternate
data input may be used if there is only one VCVS and it is connected from
node 3 to node 2. In this case set NGAIN (cols. 72-74) of card 2 to 0O,
enter the gain of the VCVS in cols. 21-30 (format E10,0) of card 2, and
skip the following card (card 3).

3 NG1(I) 1-3 I3  Node at which the Ith VCVS is
located) ¢the other terminal is
assumed to be grounded)

NG3(I) 7-9 130

. Node at which the controlling

- voltage for the Ith VCVS is located

. (taken with respect to ground)
JL(I) 13-15 I3 '~ Node (either NGI(I) or NG3(I))

. that it is desired to eliminate
" in taking account of the con-
+straining effect of the Ith VCVS,

GA(I)  21-30 E10.0 " Gain of the Lth VCVS

As many of the following cards may be used as are required;

4 1 1-2 12 First node to which lumped element
- {or elements) is connected

J 3-4 'I2  Second node to which lumped ele-
= " ment (or elements) is connected
(0 if ground node)

RA 11-290 E10.0  Value of resistance of lumped
element in ohms connected from

node I to node J (zero if no
resistor)

CA 21-30 E10.0 Value of capacitance of lumped
element in farads connected from
node I to node J (zexro if no
capacitor)
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3 Blank card.in&icating the end of set of No. 4 cards
Note: There will be MD sets of the following cards Nos. 6-12:

6 NOPT 1-3 13 Indicator for type of data
describing Ith distributed
network (l-linear taper, 2-
exponential taper;
3-values of all sections read in;
4~polynomial taper)

NSECT(I) 4-6 I3 Number of sections to be used in
Ith distributed network (set to
zero 1f data is same as for (I-1l)th
distributed network)

N1(I) 7-9 I3 Number of node to which one end
- . of resistive layer of Ith distri-

buted network is connected (use

NM1 if this is the ground node)

N2(L) 10-12 I3 Number of node to which other end of
regsistive layer of Ith distributed
network is connected (use NN+1 if
this is the ground node)

N3(I) 13-15. I3 Number of node to which capacitive
layer of Ith distributed network
is connected (use NN+1 if this is

_the ground node)

If NOPT=1, the following card is required:

7 RT 1-10 E10.0 Total value of resistance of Ith dis~
tributed line

CT 11-20 E10.0 Total value of capacitance of Ith dis-
tributed line .

If NOPT=2, the following card is required:

8 ALF 1-10 E10.0 Value of the constant alpha used
in exponential taper for Ith dis-
tributed line

RA 11-20. E10.0 Resistance per unit length at
N1(I) end of exponentially tapered
distributed line



RB 21-30 E10.0  Resistance per unit‘léngtﬁ at
N2(I) end of exponmentially Ith
tapered distributed line (RB5RA)

- CA .. 31-40 E10.0 Capacitance per unit length,at
£ ~ N1(1) end of exponentially tapered
i ;th distributed line

¢B 41~50 E10.0  Capacitance per unit length at
. N2(1) end of exponentially tapered Ith
distributed line (CB<CA) '

Note: If ALF$0, sectional R and C will be calculated using ALF, RA and
CA; if ALF=0, but RB#0, sectional R and C will be calculated using RA,
RB and CA; if ALF=0 and RB=0, sectianal R and C will be calculated using
RA, CA, and CB. - :

If NOPT=3, the following cards are required:

9 RD(I,J) 1-80 8E10.Q; [Values of resistance of various
.. ugections of Ith distributed line
{J’l NSECT(1))
10 CD(L,J) 1-80 8E10.0 = Values of capacitance of various

gections of Ith distributed line
(J=1, NSECT(I))

If NOPT=4, the following cards are requiréd:

Degree of polynomial used in '
approximating taper of Ith dis-
tributed line (zero degree coef-
ficient is assumed set to unity)

11 - RP. 1-3

R1 11-20. E10.0 . Multiplier for polynomial expres-
’ gion for r(x), i.e., initial i
resistance per unit lemgth for
Ith distributed line

Multiplier for polynomial expres-
sion for c(x), i.e., initial
capacitance per unit length for
Ith distributed line

.CI 21-30 E10.0Q

XT 3140 E10.0 . Total length of Ith distributed
: " line, i.e., highest value of x

12 P(L 5 ‘
; (1) 1-80 8E10.0 Values of coefficients of pol&—

‘mial expression 1 + p.x + p.x" +
s+ for Ith distributed line glwl,NP)




After the ND sets of cards specified above the following card is read:
13 NREP ~1=-3 13 Repetition indicator card

Note: 1If Card 13 is omitted, the program will plot the data after calcu-
lating the values for the first problem. No other data cards must be
used in this case. The following other options are available: If
NREP=1, the program will read new values of GA(I) (I=1,NGAIN), and repeat
the frequency determination. (In this case a single data card is used to
read GA(I) in format 8E10.0); if NREP=2, the program will re-read a set

of ND groups of card Nos. 6~-12 specifying the data for the distributed
networks; if NREP=3, the program will read any data cards of type No. 4,
until a blank card (No. 5) is encountered (such input will superpose
itself upon the input for the lumped elements read on the first cycle

of the program); if NREP=4, or if a blank card (NREP=0) is used, the
entire read cycle will be repeated starting with card No. 2.

15
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Flow Chart for DLANET Program

Start
Read and print title information, store in LTR array

JX =1

102 >‘L

NREP = 0, PHSD = 0, IX = O

Read and print input information
Zero R and C arrays

Read NGli, “";31”?—7?;‘” Is NGAIN > 07> Set NGAIN = 1, NGl = 2,
» GA, (i = 1, NGAIN) NG3, = 3, JL; = 3, GA; = OLDG

|

JLi

R
Print data on controlled
sources

@> >l

Read I, J, RA, CA

v 7
Is 1 =0 Yes

No

v

L4

A 15 RA = BF Yes

v

No

v
RA = 1/RA

V

4—s—— 18 J = 07

Yes
l No
v

Add RA to Rjj and subtract

from Rij and Rji

A
[
0
2]
3
i
o
-




Flow Chart for DLANET Program (page 2)

Yos Is J = 07

No

Add CA to C and subtract from C and C
i3 i]j ji

g
=4

Add CA to Cii

A4

Is NREP > 02
J Yes

@ A
T Call DISRﬁ,subroutine
to read and print data
for distributed elements
i

7 Is NREP > 07

Yes -
No
Print "Values of<?*~ifw-*ls KRAD > 0?—?a;;——~*>Print "Values of
frequency are in Hz" © frequency are in rad/sec"
\
Print "Linear<L~—ﬁB-~-Is LFRQ > 07 Yoo >Compute data
frequency plot" for XL4 function
NF, FA, FB
Print "Log frequency plot"
FREQ\LN FA NG, LOGl, LOG2
DF (FB-FA)/NF
| > < -
2 >
FREQ = FREQ + DF €————1Is LFRQ > 0?7 ——> Call function XL4 to
No Yes
generate next frequency
> seersml < 25}
Is FREQ < FB + .0001?—~ >(139) (page 4)

Yes
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Flow Chart for DLANET Program (page 3)

RAD = 2xFREQ < Yo Is KRAD > 07 Yes > RAD = FREQ
FREQH = FREQ FREQH = FREQ/2x

Zero YR array {complex)

Set i =1
Call YDIST subroutine to
generate y parameters for
ith distributed network at a frequency
of RAD rad/sec and store in YR array
i=14+1¢€ Is i< ND?
Yes
No

Add R array to real part of YR array
Add C array x RAD to imaginary part of YR array

Call CONST subroutine to reduce YR
array to take account of effects of

the source

Call CMRED subroutine to reduce
the YR array to a 2 x 2 array

Compute VEM and VXMDB

IX=IX+1
N/
Is LPHS > 07
No
Yes

Compute PHSD

Z(JX,1X) = PHSD x SCALP

d
<

(9
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Flow Chart for DLANET Program (page 4)

Print FREQH, RAD, VXM, VXMDB, PHSD

Is KPUN > 07

No

Yes

Punch FREQH, RAD, VXM, VXMDB, PHSD

&
~

Is LMAG > 0%
No

Yes -

Y(JX,IX) = VXI:(DB x SCALE Y (JX,IX) ==‘ VXM x SCALE

3 ——
1s IX Z NF? No ""—”*3@ {page 2)
Yes
< 139
IX =0
Ji = JX + 1
¢
Read NREP
Is there an EOF?W (page 3)
No
v
S P
(page 1) Yos s NREP = 07
No
v
Initialize counter NLG for
XL4 subroutine
FREQ = FA
Print "Problem number,” JX
Value of NREP?
1 2 l 3 4
Read and print Print "Changes in
GA(I) (I=1, NGAIN)

lumped elements"

! ¥ v
@29 1)
(page 2)  (page 2)

(page 1) (page 1)



Flow Chart for DLANET Program (page 5)

20

Is KPLT > 07

Yes
No
Print LTR, SCALE;F—-&5 Is LMAG'>v0?“—?;§——~—€>Print LTR, SCALE,
"Db plot™ "Mag plot™
¥
JX=JX -1

Call PLOT subroutine to plot
the JX variables stored
in the Y array

T ———718 LPHS > 07
No
Yes

Print LTR, SCALP,
"Phase (deg) plot"

Call PLOT subroutine to plot
the JX variables stored
in the 2 array

-~ P

rd ~

Stop
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Flow Chart for DISRP subroutine

Set i = 1
® 3

Read NOPT, NSECT,, Nl , N2,, N3, and print

4

NZ = NSECTi

Is NZ £ O?*;;;;-)Print Y“See preceding network"

No {ii%

< value of NOPT?

l |

Read RT, CT
N}

RT = RT/NZ

CT = CT/NZ
¥

Set RD,, = RT (j = 1, NZ)
v ij

set €D, = CT (§ = 1, NZ)

Print RT, CT

2
>
Read ALF, RA, RB, CA, CB
1 Ai% 0?
8 > > 1
Yes Compute RDi from
No A ALF and RA (j 4 1, NZ)
W ¢
o Is RB > 07 Compute CDij from ALF and CA
A\
Compute ALF from Compute ALF from @
CA and CB RA and RB -
l . \L Ny
4 Pl
v



Flow Chart for DISRP subroutine (page 2)

3
Read RD,. (j = 1, NZ)
1J<¢
Read CD,. (j = 1, NZ)
ij +
4
Read NP, RI, CI, XT
Read Pj (j = 1, NP)
Set j =1
X=jx XT /N2
L%
AP = 1
k
AP = AP + Pk x X (k= 1, NP)
N/
RD,, = RI x AP
ij 0
CDij = C; / AP
Qat ( 3
j j+1 Yes Is j < ﬁ?? <£§9
i No
Print RDij (j = 1, N2)
Print CDij (j = 1, N2)
l‘( 199
i=14+1%< Is 1 <« ND?

[

(:) Return



Flow Chart for XL4 Function

Start

Convert input arguments
to floating-point format

4
AA = (N/LP) + LO

Is AA > 07

[

XL4 = 1/(1078%

P

Yes

. XL4 = 10

T

Return -
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Flow Chart for YDIST subroutine

Start

KK = number of sections in
jth distributed network being computed

Set CR array to identity matrix

i=1

>

>
Set AR array to CR array

Find transmission parameters for ith section
BRy, = 1+ j [cnji X RD,; X RAD ]
BR,, = RDji + jo
=0 + j[CDji x RAD]
BR,, = 1 + jO

BR21

22

N
Set CR array to AR axray times BR array

i=1i4+41< -Is i < KK?

s Yes

No

Compute 2 x 2 y parameters, store as
DR, ER, and GR

Compute 3 x 3 indefinite y
parameters and add to YR array

Return

24



Flow Chart for CONST subroutine

Start

Is NREP > 07
Yes

No

NM = NN - NGAIN

Zero NRE and NCE arrays

¥

Set j =1

>

Set i =1

> |

Is 1 = NGlj? Yes

No

&

<

Is i = JL.?
J

&

Yes

w

iﬂi'!”l(———-e';—lSi(NN?

No

I8 j < NGAIN?

j= o+ 1<

Yes

i=1i+41¢

Yes

Is i < NM?

Yes

|

®

in = in + 1——~J

25



Flow Chart for CONST subroutine (page 2)

Set YR,= =
je

(=1, ™)

|

YRJ2+ YRjk X

GA,
i

Yes ~l

Set YR,, = YRjk + YRj 2/(,Ai

jk
(i=1, NM)

-ie i+ 1%

Yes

Is i < NGAIN?

Set YR,
3

i " ¥R, (j =

|
———3in = in + 1

Yes

jsin L, N
J €

in = in + 1

Is i < NM?

i® i+ 1lé€

Yes

No

Return
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Plow Chart for CMRED Subroutine

Start
NA = NNLo NGAIN

NZ = NN - (2 + NGAIN)

Is NZ <17
Yes

No

Set k=1

>4
NP = NA - 1

)

Set j =1

>4

Set i = 1

i= i

7 ¥
YR, = YR, - YRi,na X YRna’j / YR 2 na

+ 1¢———— 18 1 <« NP?
Yes

No
v

j=3+1¢

Yes Is j < NP?

No

W
NA = NA - 1

¥

k=k+ 1<%

Yes Is k ¢ N27

No

<

v

-~

Return

27
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Flow Chart for PLOT subroutine

Is N a multiple

Start
Set N=0

Print ordinate scale

of 107 ves

No

A4
Enter abscissa coordinate
symbols in LINE variable

>]
Enter ordinate coordinate
symbols in LINE variable

4

AN

pd
~

1

I

N

=
oy
/l

Is Y(I,N) within

No 18 N=07

Yes

W
Print N, LINE

Set LINE to blank
N=N+1

Is N €NF?

Yes
No

Return

ordinate scale Ho
limits?
Yes
Enter symbol for vy, Enter §
in LINE in LINE
variable variable
< |
I =1+ 1€6c—1I8 1 <« M?
Yes
No v
Is N a multiple
No of 107 Yes
Print LINE Print N, LINE
and Y(1,N) and Y(1,N)
> 3 ¢ <




HUZ LSMAN

FUNCTION XL4(NsLOsLP)
AN=N HUELSMAN
ALO=LO HUFLSMAN
AP oL P ™ o e e LS
AA=AN/ALP+ALO HUE L SMAN
: IF (AA)} 10051005105 _ HUELSMAN
"w""l“‘DO""XCL: 1 . / 1 e] .** (‘-AA‘ ) T s mmmm—— B A HUELS?”AN
GO TO 110 HUELSMAN
105 XL4=10,%%AA HUELSMAN
T NN T o e UL SMAN
RETURN HUFLSMAN
. END ; HUFLSMAN
: SUBROUT INE PLOT (Y My NE NG T o T T HUE L SMAN
ul SUBROUTINE FOR PLOTTING 5 X 100 INPUT ARRAY (FORTRAN &) HUE L SMAN
DIMENSION Y(55100)s LINEC(101)sL(11)sJL(5) HUEL SMAN
DATA TJL( I Y s T=15)/THAYIHBy 1THCy1HD s IHE /s JNeJP s JT s JBLANK yJZ/ HUELSMAN
11H=91H+91HIs1H s1HS/ HUELSMAN
DO 99 1=1,»101 HUELSMAN
] TTLINETT ) =IBLANK HUELSMAN
99 CONTINUE HUEL S“AN
N=0 HUFLSMAN
¢ PRINT ORDINATE SCALE HUELSMAN
DO 101 I=1s11 HUELSMAN
L{1)=10*1=110+NS HUFLSMAN
7101 CONTINUE HUEL S™AN
: PRINT 105¢(L(I)sI=19s11) HUELSMAN
105 FORMAT (3Xs11(1496X)s6HY(1s1)) HUE L SMAN
GO TO 115 HUELSMAN
110 IF (N/10=(N=11/10) 12551255115 HUELSMAN
1 € CONSTRUCT ORDINATE GRAPH LINE HUELSMAN
115 ND=0 HUELSMAN
DO 120 I1=1+10 HUELSMAN
ND=ND+1 HUEL SMAN
LINE(ND)=JP HUELSMAN
DO 120 J=1+9 HUEL SMAN
ND=ND+] HUELSMAN
120 LINE(ND)Y=JN HUELSMAN
LINE(101)=JP HUEL SMAN
IF (N) 13591219135 HUELSMAN
. 121 PRINT 170sNsLINE HUEL SMAN
GO TO 185 HUEL SMAN
~C  CONSTRUCT 1 LINE OF ABSCISSA GRAPH LINES HUELSMAN
' 125 DO 130 I=1+101510 HUELSMAN
LINE(T)=J1 HUELSMAN
; 130 CONTINUE HUELSMAN
{ C CHANGE NUMERICAL DATA TO LETTERS HUELSMAN
o 135 DO 160 I=19M HUE L SMAN
XNS=NS 4 HUEL SHAN
JAZY (T 4NY+101449999~XNS HUE L SMAN
IF (JA=101) 14051559145 HUEL SMAN
160 _1F (JA) 150491509155 HUEL S“AN
1645 LINE(101)=UZ HUELSMAN
GO TO 160 HUELSMAN
S 150 LINE(1)=42 HUF LSMAN
GO TO 160 HUELSMAN
155 LINE(JAY=JL(]) HUE L SMAN
| 160 CONTINUF HUELSMAN
C PRINT LINE OF DATA HUEL SMAN
. 1F (N/10=(N=1)/10) 17541755165 HUE LSMAN

165 PRINT 170sNsLINEsY(1sN)

HUEL SMAN




170 FORMAT

30  

M=N2 (KD)

(1Xs16+101A1s1Xs E1245) HUELSMAN.
GO TO 185 HUELSMAN

175 PRINT 180sLINEsY(1sN) HUFELSMAN
180 FORMAT (5Xs101A191XsE12e5) HUELSMAN

o SET LINE VARIABLES TO ZERO HUELSMAN
185 DO 190 I=1+101 ~ o o HUELSMAN
LINE(T)=JBLANK HUELSMAN

190 CONTINUE HUELSMAN
"1..195 N=N+1. L _ HUFLSMAN_
f IF (N=NF) 11051105200 HUEL SMAN
200 RETURN HUFLSMAN
' o END - B HUELSMAN
. SUBROUTINE CMRED HUE L S¥AN
COMMON YR(15915)sR(15515)sC(15915)sRD(5+5019CD(5+50) HUELSMAN

- INSECT(5) 4N1(5)9aN2(5)sN3(5) s NNyNDsRADsKD s NREP HUELSMAN.
2 NGATNSNG1(5)WNG2(5)sNG3(5) 3NG4 (57 JLT5)+GATS5) HUELSMAN
COMPLEX YR HUEL SMAN

B NA=NN=NGAIN HUELSMAN.
“ NZ=NN={2+NGAIN) HUEL SMAN
. IF (NZ4LTe1) RETURN HUEL SMAN
DO 110 K=1sNZ HUELSMAN.
NP=NA=1 HUEL SMAN

DO 105 J=1sNP HUEL SMAN

DO 105 I=1sNP_ HUELSMAN
YRy IV EYR(T s JI=YR (T yNA )V * YR (NASJ T /YR (NASNA) HUEL SMAN

] 105 CONTINUE HUEL SMAN
L4110 NA=NA=-] HUELSMAN_
RETURN HUEL SMAN

END HUE LSMAN

] _SUBROUTINE_YDIST HUF L SMAN.
COMMON YR(15515)9R(15515)5C(15+15) sRD(5+50)sCD(5¢50)s HUELSMAN
INSECT{5)yN1(5)sN2(5)sN3(5) s NNsNDsRADsKD s NREP HUE L SMAN
2sNGAININGI(5)sNG2(5) sNG3(5) sNG4(5) 9 JLI5) 9GALS5) HUELSMAN
COMPLEX YR HUE L SMAN
COMPLEX AR(242)sBR(2+2)sCR(252)sDRsERIGR HUELSMAN

. KK=NSECT(KD) HUEL SMAN
IF (KK) 121121109 HUELSMAN

109 DO 112 I=1+2 HUE L SMAN

DO 110 _J=1s2 HUEL SMAN.

110 CR{I+J)=(0as00) HUEL SMAN

112 CR{IsI)=(1e204) HUELSMAN
e D0O_120_1=1sKK __ . HUELSMAN.
DO 115 IA=1s2 HUEL SMAN

DO 115 IR=1s2 HUE L SMAN
AR(IA$IB)=CR(IALIB) HUEL SMAN

115 CONTINUE HUELSMAN

~ BRI191)=CMPLX(1¢sCD(KDsI)*RD(KD»1)*RAD) HUELSMAN
o BR{192)=CMPLX (RD(KDsI)s0e) .. HUEL SMAN.
BR(251)=CMPLX (0OesCDIKDs1)*RAD) HUEL SMAN
BR(292)=(1e30e) HUELSMAN

- CR(1391)=AR(121)*BR(151)1+AR(1+2)*BR(2451 ) HUE LSMAN.
CR(192)=AR(15s1)*BR(1s2)+AR(1+2)%BR(242) HUELSMAN
 CR(2+1)=AR(251)*%BRI1s1)4AR(252)I%BR(241) HUELSMAN
L CRI2+2)=AR(2s1)%*BR(152)+AR(2+2)*BR(2+2) HUELSMAN
120 CONTINUE HUEL SMAN
DR=(1esNa)/CRI152) HUE L SMAN
ER=DR*CR( 242} HUELSMAN
GR=DR*CR(1s1) HUEL SMAN

121 L=N1(KD) HUELSMAN

HUEL SMAN




31
N=N3(KD) HUF L SMA!
YR(LsL)=ER+YRI(L L) HUELS™AN
YR{MsM)=GR+YR(MsM) _ o N  HUFLSMAN
YRILsMY==DR+YR(L M) HUELSMAN
YRIMaL)=YR(L M) HUELSMAN
YR(NsL)=DR-ER+YR(NsL) - B HUFLSMAN
YRILsN)=YR(NyL) HUF LSYAN
YR(NsM)=DR=GR+YR(NsM) HUELSMAN
YR{MsN)=YR (N M) HUEL SMAN
YR(NsN)=FR+GR=(2e30e ) ¥DR+YR(NyN) HUELSMAN
RETURN HUFLSMAN
"""" END - e o HUELSMAN
| SURROUTINE CONST HUELSMAN
" C LPH SUBROUTINE 235 REPLACES PERRY 233, JULY 1968 HUELSMAN
COMMON YR(153915)9R(15915)9C(15915)sRD(5+50)9CD(5450) HUELSMAN
INSECTIS )y N1 (ST sN2(5)sN3(5) s NNy NDsRADSKD s NREP HUELSMAN
29NGAINING1I5)sNG2(5)sNG3(5) yNG4L(5) s JL(B)sGA(S) HUELSMAN
COMPLEX YR _ B HUE L SMAN
DIMENSION NRE(15)sNCE(15) HUF LSMAN
. IF INREP.GT«0) GO TO 121 HUF LSMAN
NM=NN-NGA IN HUFLSMAN
DO 110 TI=14NN HUELSMAN
NRE(I)=0 HUELSMAN
110 NCEtI)=0 HUEL SMAN
DO 120 J=1,NGAIN HUELSMAN
DO 120 I=1sNN HUELSMAN
IF (14EQeNG1(J}) NRE(I)=1 HUELSMAN
IF (1eEQeJL(J)Y NCE(I)=1 HUELSMAN
120 CONTINUF HUEL SMAN
121 IN=1 HUE LSMAN
DO 145 I=1sNM HUELSMAN
123 IF (NRE(IN)) 130451309125 HUELSMAN
125 IN=IN+1 HUELSMAN
GO TO 123 HUEL SMAN
130 IF (INGEQ.I) GO TO 140 HUEL SMAN
132 DO 135 J=1sNN HUEL SMAN
135 YR(I9J)=YR{INJ) HUELSMAN
140 IN=IN+1 HUELSMAN
145 CONTINUE HUELSMAN
DO 165 I=1sNGAIN HUELSMAN
K=NG1(1} HUELSMAN
L=NG3(1) HUELSMAN
M=JL(T) HUELSMAN
IF (LeEQeM) GO TO 155 HUELSMAN
DO 150 J=1sAM HUELSMAN
150 YR{JoL)=YR{JsLI4YR{JsKI*GA(T) HUEL SMAN
GO TO 165 N HUEL SMAN
~*umliﬁ_DQ~16Q_JllLNM i HUELSMAN
160 YR(JsK)=YR(JsK)+YR(JsL}/GALT) HUF LSMAN
165 CONTINUE HUELSMAN
IN=1 HUEL SMAN
DO 190 I=1sNM HUELSMAN
172 IF (NCE(INY) 17591755170 HUELSMAN
2170 IN=IN+1 HUELSMAN
GO TO 172 HUELSMAN
175 1F (IN,FQe.I) GO TO 185 HUF LSMAN
PO 180 J=1NM HUELSMAN
180 YR(Js»I)=YR(JsIN) HUF L SMAN
185 IN=IN+1 HUELSMAN
190 CONTINUE HUEL SMAN




. SUBROUTINE DISRP

.

HUELSMAN
HUELSMAN
HUELSMAN,

COMMON YR(15515)sR(15515)sC(15+15)sRD(5950)+sCD(54+50)
INSECTI(5) sN1(5)sN2(5)sN3(5) sNNsNDsRAD KD sNREP
29NGATNGNGL(5)sNG2(519NG3(5) 4NG4(5) s JLI5)sGA(5) .

COMPLEX YR

DIMENSICN P(10)

DO 199 I=1sND

HUELSMAN
HUELSMAN
_HUFLSMAN
HUEL SMAMN
HUELSMAN
HUELSMARN

READ 150sNOPTsNSECT (1) sN1(T)sN2(I)4N3(T)
150 FORMAT
 PRINT 15551sNSECT(IVsNLICI)oN2CIVyN3 (D)
155 FORMAT (1HO»1SHDISTRIBUTED NETWORK»I1295X91399H SECTIONSs5Xs
18HCONNECTED TO NODESs313)

HUELSMAN
HUELSMAN
(HUELSMAN
HUELSMAN
HUELSMAN
HUELSMAN,

15691569159
156 PRINT 157

157 FORMAT (1HO»20Xs21HSEE PRECEDING NETWORK)

HUELSMAN
HUELSMAN
HUELSMAM

GO TO 199
159 DIV=NZ
(16091805190+200) sNOPT

HUE LSMAN
HUELSMAN
HUELSMAN

160 READ 1654RTsCT

165 FORMAT (8E1040)

PRINT 1709RT+CT

170 FORMAT(IHOol?HTOTAL RESISTANCE=»

E156835X918HTOTAL CAPACI

HUEL SMAN
HUELSMAN
HUELSMAN

ANCE=y HUELSMAN

RT=RI/DLV

HUEL SMAN
HUELSMAN

CT=CT/DIV
DO 175 TA=1sNZ
e RDOIS IAY=RT

HUEL SMAN
HUEL SMAN
HUELSMAN

175 CD{IsIA)=CT
PRINT 176sRTCT

176 FORMAT (1HQO»1THRESISTANCE/SECT o=y . E15835X

HUEL SMAN
HUELSMAN
HUELSMAN

18HCAPACITANCE/SECTa=3E1548)
GO TO 199
*1. 180 _READ 1653ALFsRASRBYCA»(CB

HUELSMAN
HUELSMAN

182+182+185
18451844183
183 ALE=ALOG __(RBI=ALOG ___(RA)

HUEL SMAN
HUELSMAN
HUELSMAN
HUELSMAN

GO TO 185
184 ALF=ALOG
185 DIV=DIV~1e. .

{CA)Y=ALOG

HUELSMAN
HUELSMAN
HUEL SMAN

DO 188 1A=1sNZ
DIA=1A~-]1
DB=ALF¥DIA/DIV

HUEL SMAN
HUELSMAN
HUELSMAN

RD(TIsIA)=RA¥EXP
188 CD(IsIA)=CA*EXP
. .—PRINT. 189sALF

HUELSMAN
HUELSMAN

189 FORMAT
GO TO 191
190 READ 165  (RD(Is1A)slA=1sN7)

{1HO»17THEXPONENTIAL TAPERs1Xs7HALPHA =

HUEL SMAN
HUELSMAN
HUEL SMAN
HUELSMAN

READ 165,
A GO TO 191
2. 200.PRINT. 202
202 FORMAT

(CO(I+s1IAYsTA=1sN2Z)

(THO s 42HPOLYNOMIAL TAPERs RUXISR*POLYs CIXIaC/POLY
READ 2N1sNPsRIsCIsXT

201 FORMAT (1327X27E1040)

HUELSMAN
HUELSMAN
- HUEL SMAN
HUELSMAN
HUEL SMAN
HUEL SMAN

READ 165 (P(1)sl=1sNP)
PRINT 2054NP

HUEL SMAN
HUEL SMAR

1205 FORMAT(1H0»I12947H COEFFICIENTS P(1) OF POLY 1+P(1)X+P(2)X*%2+,4e/)HUELSMAN



PRINT 193

(PLI)s1=19NP) HUELSMAN
PRINT 2104XTsRIsCI HUELSMAN
210 FORMAT (1HOs1OMLENGTH X=» E10e355Xs10HINITIAL R=9E10e3y  HUELSMAN
15X *INTTIAL C=%E10e3) - HUELSMAN
DO 220 TA=1sNZ HUFLSMAN
LPIA=TA e HUELSMAN
X =PIARXT/DIV o T HUELSMAN
AP=1, HUELSMAN
DO 215 IR=1sNP HUELSMAN
AP=AP+P | IB)#¥X*%18 THUELSMAN
215 CONTINUE HUEL SMAN
- RDO{T91A)=RI*AP HUELSMAN
220 Chtistay=Cr/A T T - HUE LSMAN
191 PRINT 192 HUEL SMAN
192 FORMAT (1H0+1BHRESISTANCE/SECTION) HUFLSMAN
PRINT 193y (RD(TsTAYsIA=19N7) HUFLSMAN
193 FORMAT (1Xs 7E17.8) HUFLSMAN
PRINT 194 HUEL SMAN
194 FORMAT (1HO»19HCAPACITANCE/SECTION) HUELSMAN
PRINT 193 (CD(IsIA)sIA=1sNZ) HUF LSMAN
199 CONTINUE HUELSMAN
RETURN HUELSMAN
END HUELSMAN
PROGRAM MAIN (INPUTsOUTPUT sPUNCHsTAPES4=INPUT) HUELSMAN
- C MATN PROGRAMy DUA NETWORK ANALYSIS,5VCVS VERSION HUEL SMAN
COMMON YR(15515)sR(15515)9C(15915)9RD(5550)9CD(5450) HUEL SMAN
INSECT(5) sN1(5)sN2(5)sN3(5) s NNsNDsRADsKD s NREP HUEL SMAN
29NGAIN,NGI(5)aNGZ(S)’NGB(S)pNGA(S)’JL(S)oGA(S) HUELSMAN
COMPLEX YR HUE L SMAN
DIMENSION Y(59100)9LTR(8)9Z(59100) HUELSMAN
COMPLEX VD HUELSMAN
READ 99,4LTR HUFLSMAN
99 FORMAT (8A10) HUELSMAN
JXx=1 HUE L SMAN
96 PRINT 98,LTR HUELSMAN
98 FORMAT (1H1»8A10) HUELSMAN
102 NREP=0 HUEL SMAN
PHSD=0. HUELSMAN
1X=0 HUF LSMAN
READ 107 sNNsNDsNF yNSY sNSPsKRADsLMAGsLPHS sKPLTsLFRQIOLDGIFASFBY HUELSMAN
1SCALE 9 SCALP sKPUNSNGAIN HUELSMAN
107 FORMAT_ (513951195E10e0511913) HUELSMAN
PRINT 1Nn64JX HUELSMAN
106 FORMAT (/1HOs14HPROBLEM NUMBER»I2) HUF LSMAN
PRINT 110 sNNsND HUEL SMAN
110 FORMAT(1HOs1296H NODESs5Xs12924H DISTRIBUTED SUBNETWORKS) HUEL SMAN
DO 101 I=1sNN HUEL SMAN
DO 101 J=1sNN HUELSMAN
RtIsJ)=0, HUE LSMAN
101 C(1+J)=0, HUE LSMAN
1F_{NGAINLGTA0) GO IO 95 HUELSMAN
NGAIN=1 HUEL SMAN
NG1(1)=2 HUFLSMAN
] NG2(1)=0 HUFLSMAN
NG3(1)=3 HUELSMAN
NG&4(1)=0 HUELSMAN
JL{1)=3 HUF L SMAN
GA(1)=0LDG HUEL SMAN
GO TO 92 HUELSMAN

95 DO 94 1I= I;NGAIN

HUELSMAN




94 READ 934sNGI(T)sNG2(T)sNG3LTI)sNGGIT) »JLIT)sGA(T) HUELSYAN

93 FORMAT (51335XsE10e0) HUELSAN

92 PRINT 91,NGAIN . H'«!FLS”AN&.
91 FORMAT (1H0s12+1Xs*GAIN ELEMENTS OF VCVS TYPE¥*) PUFLCMA

PRINT 909 (T sNGL(I)sNG2II)sNG3LI)aNGLHIT)sJLIIYsGALI) 9 I=1sNGAIN) ELSMAN

.90 FORMAT (1X*NOe#12%s SOURCE AT MNODES*I342H ~»13 _MWWMWNWNHUFLSVA\

1#s CONTROL VOLTAGE AT NODES#*I342H =513%s SUPRESS NODE*13 HUELSMAN

2%y GAIN=%E1245) HUELSYAN

__PRINT 115 __ HUELSMAN

115 FORMAT (1HO»15HLUMPED ELEMENTS) HUELSMAN

13 PRINT 116 HUELSMAN

116 FORMAT (5Xe5HNODESs8Xs 7THRIOHMS ) 98X s SHC(FARADS) ) HUFLSMAN

113 READ 10551sJsRASCA HUELSMAN

105 FORMAT (21246X52E1040) HUELSYAN

IF (1) 11251125111 HUELSMAN,

111 PRINT 11491sJsRASCA HUELSMAN

116 FORMAT (1Xs215s 2E1543) HUELS“AN

; IF {RA) 104,103,104 HUELSMAN

104 RA=14/RA HUELSMAN

IF (JsEQ.0) GO TO 14 HUELSMAN

R{JsJ)=RA+R(JyJ) HUELSMAN

R{IsJY==RA+R(I5J) HUELSMAN

RiJsI)=R{TsJ) HUEL SMAN

14 R(Is11=RA+RI(Is]) HUELSMAN

103 IF (CA+EQ.0s) GO TO 113 HUEL SMAN

IF (JeEQ.O) GO TO 15 HUEL SMAN

ClJeJ)=CA+C{JsJ) HUFLEMAN

Cllod)==CA+C (1) HUELSYAN

‘ ClJeT)=ClTsJ) HUEL SMAN

15 Cl1s1)=CA+CLIsI) HUELSMAN

GO TO 113 HUELSMAN

112 IF (NREP.GT+0) GO TO 124 HUELSMAN

118 _caAll DISRP HUEL SMAN

IF (NREP.GT«0) GO TO 124 HUELSMAN

117 IF(KRAD) 16041605161 HUELSMAN

160 _PRINT 162 . HUELSMAN

162 FORMAT (1HOs4OHVALUES OF FREQUENCY ARE IN HERTZ Y HUEL SMAN

GO TO 165 HUE LSMAN

161 PRINT 163 HUELSMAN

163 FORMAT (1HO»41HVALUES OF FREQUENCY ARE IN RADIANS/SECOND ) HUE LSMAN

165 IF (LFRQ) 12091204122 HUEL SMAN

+.120 PRINT 121 sNFsFAsFB HUEL SMAN

) 121 FORMAT( 1HOs16HLINEAR FREQ PLOT,Ia.le POINTS FROMy E15s894H TO sHUELSMAN

s 1 E15.8) HUELSMAN

DNE=NF HUEL SMAN

FREQ=FA HUELSMAN

....... DF=(FB=FA) /DNF HUEL SMAN

i BGOTO 120 HUELSMAN

1 122 IF(FA=1.) 15091515151 HUELSMAN

151 FL=ALOG10 (FA) HUFLSMAN

GO _T0 152 HUELSYAN

150 FL==ALOG10 (1¢/(FA=+s0001})) HUELSMAN

152 LOG1=FL HUFLSMAN

o 1F (FB=143_153+154154 HUELSMAN

154 FM=ALOG10 (FB) HUFLSMAN

GO TO 155 HUEL SMAN

L1153 FM==ALOG10 (1a/(FB=s0001)) HUEL SMAN

155 LOG2=FM HUEL SMAN

NG=NF/(LOG2-LOG1) HUELSMAN

L PRINT 1233NGsLOGLsLOG2

HUELSMAN




123 FORMAT( 1HO»13HLOG FREQ PLOTsI15921H POINTS/DEC FROM 10%#%,12 HUEL SYAN

1 9H TO 10%%,12) HUE L SMAN

NLG=1 HUE L SMANM

TTPE PRINT 16 T T - T T e e TUHUELSMAN
164 FORMAT (1HNs3Xs2HJX93X92HIX 98X s BHFREQ(HZ ) 915X s3HRAD 17X s3HVXMe 15X s HJEL SMAN
17HVXM(DB) s 11X+ 10HPHASE (DEG) )  HUELSYAN
TTT125 1IF (LFRQ) 126912645127 T HUELSMAN
126 FREQ=FREQ+DF HUFLSMAN

: GO TO 128 'HUELSVAN
TTI27 FREQ=XL&4TRNLG>LOG1yNG) HUELSMAN
128 IF(FREQ=FB=a0001) 129+1295139 HUELSMAN

o 129 IF (KRAD) 17051704171 HUELSMAN
ITTTITO RAD=FREQ%6.283185307 - HUEL SMAM

FREQH=FPFQ HUEL SMAN

GO TO 130 HUFLSYAN

171 RAD=FREQ HUE L SMAN

FREQH=FRFN/6.283185307 HUEL SMAN

130 DO 131 I=1sNN HUELSMAN

T DO 131 J=1sANN HUE L SMAN

131 YR(I9J)=(0s90e) HUELSMAN

DO 132 I1=1sND HUEL SMAN

RO=T HUELSMAN

132 CALL YDIST HUELSMAN

DO 134 I=1sNN HUELSMAN

BO 134 J=1 NN HUE L SMAN

134 YR{IsJ)=YR(IsJI+CMPLX(R(TI2J)sC{IsJ)*RAD) HUELSMAN

CALL CONST HUE LSMAN

CALL. CMRED HUELSMAN

VD==YR({24+1)/YR(2s2) HUELSMAN

VXM=CARS (VD) HUELSMAN

VXMDB=20,#ALOG10 (VXM) HUELSMAN

IX=1X+1 HUELSMAN

IF (LPHS) 18091804181 ’ HUEL SMAN

181 PHSD=ATANZ(ATMAGIVD ) »REAL(VD) 1 *5742957795 HUEL SMAN

2{JXs1X)=PHSD*SCALP HUELSMAN

180 PRINT 1455JXsIXsFREQHsRADsVXMsVXMDB s PHSD HUELSMAN

145 FORMAT (1X921595E£2048) HUELSM“AN

IF (KPUN.GTe0) PUNCH 2005 IXsFREQHIRAD VXM eVXMDB sPHSD HUEL SMAN

200 FORMAT (14+1X35F1548]) HUEL SMAN

IF (LMAG) 1371374136 . HUELSMAN

136 Y{(UXsIX)=VXM®SCALE HUEL SMAN

GO TO 135 HUELSMAN

137 Y(JX9IX)=VXMDB*SCALE HUELSMAN
135 IF (IX=NF) 1255139139 HUE LSMAN
139 I1X=0 ' HUEL SMAA
IX=IX+] HUEL SMAN

READ 107,NREP - , HUEL SMAR
1F_(EQF+4) 9995193 : e HUELSMAN

193 IF (NREP.EQeO) GO TO 102 HUEL SMAN
NLG=1 HUE L SMAN
FREQ=FA HUEL SMAN

PRINT 106sJX HUELSMAN

GO TO (190+118+1949102 )sNREP HUELSMAN

190 READ 191s(GA(1)sI=19NGAIN) HUEL SMAA
191 FORMAT (B8E104.0) HUELSMAN
PRINT 89 HUELSMAM

89 FORMAT (1HO®*CHANGES IN GAIN ELEMENTS*) HUEL SMAN
PRINT 90;(I.NGl(I);NGZ(I)’NGB(I);NGA(I);JL(I);GA(I)’I 1sNGAIN) HUE L SMAN

GO TO 124 HUEL SMAN

194 PRINT 195 HUE L SMAN




FORMAT (1HOs26HCHANGES IN LUMPED ELEMENTS/)
GO TO 13

, HUE L SYAN
_.999 TF (KPLT.GTeN) STOP HUELSMAN
IF (LMAG) 17251724174 HUFLSMAN
172 PRINT 173sSCALELLTR HUELSMAN
»»»»» 173 FORMAT (1H1+12HDB SCALED BY, E94255Xs8A10/) HUEL SMAN
~; GO TO 179 o HUELSMYAN
174 PRINT 1759sSCALESLTR HUELSMAN
_ 175 FORMAT (1H1s13HMAG SCALED BYs E9e255X»8A10/) HUELSVAN
T179 UX=JX=1 ‘ HUELSYAN
‘ CALL PLOT (YsJXsNFaNSY) HUELSMAN
146 1F (LPHS) 1835183184 . o HUEL SMAN
184 PRINT 1B5sSCALPSLTR , HUELSMAN
185 FORMAT (1H1921HPHASE(DEG)s SCALED BYsE942+5X98A10/) HUELSMAN
CALL PLOT (ZsJXsNFsNSP) HUF LSMAN
183 STOP HUFLSMAN
END HUEL SMAN
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Read and print geﬁgral input data and
data for the VCVSs

W
Read and print data for the lumped
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Fig. 4 Flow Chart for the Digital Computer Program DLANET
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